Ipomoea purpurea (common morning glory) is an annual vine native to Mexico that is well known for its large, showy flowers. Humans have spread morning glories worldwide, owing to the horticultural appeal of morning glory flowers. Ipomoea purpurea is an opportunistic colonizer of disturbed habitats including roadside and agricultural settings, and it is now regarded as a noxious weed in the Southeastern US. Naturalized populations in the Southeastern United States are highly polymorphic for a number of flower color morphs, unlike native Mexican populations that are typically monomorphic for the purple color morph. Although I. purpurea was introduced into the United States from Mexico, little is known about the specific geographic origins of US populations relative to the Mexican source. We use resequencing data from 11 loci and 30 I. purpurea accessions collected from the native range of the species in Central and Southern Mexico and 8 accessions from the Southeastern United States to infer likely geographic origins in Mexico. Based on genetic assignment analysis, haplotype composition, and the degree of shared polymorphism, I. purpurea samples from the Southeastern United States are genetically most similar to samples from the Valley of Mexico and Veracruz State. This supports earlier speculation that I. purpurea in the Southeastern United States was likely to have been introduced by European colonists from sources in Central Mexico.
Ipomoea purpurea is native to the subtropics of Mesoamerica (Mabberley 1997) and has been spread worldwide by humans as an ornamental plant. Several New World species of morning glory, including Ipomoea nil, I. purpurea, and Ipomoea tricolor, have successfully adapted to tropical and warm temperate regions in Asia, Australia, and Europe, as well as North and South America, due to high phenotypic plasticity and genetic adaptability (Auld and Medd 1987; Defelice 2001) . Naturalized populations are most abundant in the Southeastern United States (hereafter SE US) (Defelice 2001) . Ipomoea purpurea occurs very infrequently outside of horticultural settings in drier regions such as the South Central and Southwestern US. Ipomoea purpurea and Ipomoea hederacea occur sympatrically as weeds in the SE US, but seed production is reduced when the species hybridize (Ennos 1981; Stucky 1985) .
Ipomoea purpurea is a flowering vine that is cultivated as an ornamental because of the appeal of its large, showy flowers (Defelice 2001) . In the SE US, the color of I. purpurea flowers ranges from completely white to pink and red and on to dark purple, whereas in Mexican natural populations flower color is typically purple (Brown and Clegg 1984) , and populations associated with human habitation and agriculture are polymorphic (Ennos and Clegg 1983; Clegg and Durbin 2000) . Ipomoea purpurea also possesses a number of traits that adapt the species to dispersal and a weedy habit. These include rapid growth, high seed output, and extended seed dormancy in soil seed banks (Baucom et al. 2011) . Owing to an aggressive growth habit as a climbing vine, morning glory overgrows field corn, soybean, and other economically valuable plants and thus is considered a noxious weed (Webster and Coble 1997; Baucom and Mauricio 2008) .
Populations of I. purpurea in the SE US were likely introduced from the native range of the species in Central and Southern Mexico (Mabberley 1997; Halvorson and Guertin 2003) , but the timing and specific origins of introduction to the SE US remain a subject of speculation (Clegg and Durbin Fang et al. • Geographic Origins of Ipomoea purpurea 2000). One possibility is that I. purpurea may have been introduced into the United States along with maize cultivation ~4000 years ago and then spread to the SE US (Hill 2001; Merrill et al. 2009) . A second scenario is that the species was introduced into the SE US through Europe, after European contact with the New World. Under this hypothesis, I. purpurea seeds are believed to have been collected from native fields by early Spanish colonizers and sent back to Spain where they were planted in monastery gardens (Defelice 2001; Halvorson and Guertin 2003) . Ipomoea purpurea evidently arrived in England by 1621 (Halvorson and Guertin 2003) . Around 1700, it was brought to the American colonies as a horticultural introduction and spread by way of garden peddlers. It is postulated to have quickly escaped cultivation to become a naturalized weed (Halvorson and Guertin 2003) . Therefore, I. purpurea may have been introduced into the SE US from the native populations in Mesoamerica by way of European colonists in the last several hundred years, a much more recent introduction than expected if it was introduced as a commensal of maize cultivation.
Haplotype data from DNA resequencing have the potential to provide insight into the origins of weedy morning glory populations in the SE US. These high-resolution data provide a powerful means to detect population structure Lawson et al. 2012) . There are several questions that can be illuminated from haplotype data that are key in understanding the scenario for the introduction of I. purpurea in the SE US and the geographic origins of the SE US population. First, what is the extent of genetic differentiation among Mexican populations? Second, was genetic diversity in the SE US populations reduced by an introduction bottleneck? Third, can the SE US haplotypes be traced back to specific geographic regions of Mexico? To address these questions, we analyze resequencing data from 11 loci based on 30 accessions sampled from the native range of the species in Mexico (Gonzales et al. 2012 ) and 8 I. purpurea samples from the SE US.
Materials and Methods

Materials
Our sample of 38 I. purpurea accessions includes 30 single individuals representing populations in the native range of the species in Mexico (Villasenor and Espinosa 1998; Gonzales et al. 2012 ) and 8 representative samples from the SE US (see Supplementary Table S1 online). Seeds were collected from a wide geographic range of populations in Mexico over a number of years ranging from 1986 through 2002. Individual seed accessions were periodically rejuvenated in a greenhouse in California to maintain the viability of each accession. Earlier studies have shown that there is relatively little differentiation among southeastern populations of I. purpurea (Epperson and Clegg 1986; Huttley et al. 1997) . The 8 samples from the SE US include 6 accessions from various flower color variants, which were collected from distinct populations spanning ~1000 km 2 of Northern Georgia (Epperson and Clegg 1986 ) and 2 accessions collected from naturalized populations near Athens and Lumberton, NC. Although sampling does affect the potential for inference of demographic history among SE US samples and is likely too small for accurate estimation of recombinational diversity (Morrell et al. 2006) , the sample size of 8 individuals in the SE US is appropriate for estimation of nucleotide sequence diversity (Pluzhnikov and Donnelly 1996; Felsenstein 2006) and the effect of introduction on diversity at multiple loci. We have also resequenced accessions of Ipomoea alba and I. nil, closely related sister species of I. purpurea (Miller et al. 1999) , to infer the ancestral state of mutations at each locus. The 11 resequenced loci are the same as those reported by Gonzales et al. (2012) : anthocyanidin synthase (ALS), 2 chalcone synthases (CHS-D, CHS-E), flavanone-3-hydroxylase (F3H), flavonol synthase (FLS), dihydroflavonol 4-reductase B (DFR-B), bHLH transcriptional regulator (IpbHLH1), 2 R2R3 Myb transcriptional regulators (IpMyb1 and IpMyb4), and WD40 repeat protein (IpWDR1), and UDP-glucose flavonol 3-0-glucosyl transferase (UF3GT). Nine of the loci are known to participate in a pathway that produces floral pigments and were identified in studies focused on the genetic basis of floral pigment variation Lu and Rausher 2003; Toleno et al. 2010) .
Sanger sequencing was used to obtain high-quality consensus sequence from PCR products for each accession. Sequence reads were assembled using phred and phrap with crossmatch used to screen out cloning vector . Consed (Gordon et al. 1998) was used for visualizing the reads. PolyPhred (Bhangale et al. 2006 ) was used to detect single-nucleotide polymorphisms (SNPs). When a sample produced a heterozygous amplicon, the 2 haplotypes were phased experimentally (Chen et al. 2010 ) using cloning with Qiagen pDrive Cloning Vector. At least 3 clones were sequenced per haplotype. The accuracy of inferred haplotypes was tested using error detection on triplets of nucleotide sites in the program EDUT (Toleno et al., 2007) .
Population Structure
We used the program STRUCTURE (Pritchard et al. 2000) for genetic assignment within the sample of I. purpurea accessions. STRUCTURE uses a Bayesian-model-based clustering method to infer population structure using genotype (infinite allele) data. STRUCTURE assumes there are K clusters for the samples and assigns the individuals to clusters based on distinct allele frequencies. We treated each of these 11 loci as a series of quasi-independent chromosomal segments as defined by direct evidence of recombination based on the 4-gamete test (Hudson and Kaplan 1985) , similar to the approach reported by Morrell and Clegg (2007) and Chen et al. (2009) . Under the infinite sites model (Kimura and Crow 1964) , there are 4 possible gamete types (or haplotypes) when there are 2 alleles at each of 2 sites. If all 4 combinations are present, the 4-gamete test indicates recombination among sites (Hudson and Kaplan 1985) because more than 1 mutation at a singlenucleotide site is assumed to have a probability approaching 0. We use the 4-gamete test as a conservative test indicating recombinational independence between chromosomal segments. Each of the chromosomal segments contains all the SNPs within a 4-gamete interval with unique haplotypes identified as alleles while excluding singleton SNPs, because SNPs observed at a single locality are not geographically informative. For STRUCTURE analysis, we explored models using both an admixture and no admixture model and with both correlated and uncorrelated allele frequencies with K = 1-5 clusters. Because the no admixture and uncorrelated allele frequency models resulted in higher likelihoods, they were used for the final analyses. For each value of K, we used 10 replicate runs, with both burn-in and run lengths of 100 000 iterations. The program CLUMPP (Jakobsson and Rosenberg 2007 ) was used to summarize assignment results across replicate runs.
In an initial round of analysis, STRUCTURE was used only for the 30 Mexican accessions. The best K value was estimated using the ad hoc value ΔK, which is based on the second-order rate of change of the likelihood function with respect to K (Evanno et al. 2005) . To identify likely origins of the SE US samples, we then included all 38 accessions in genetic assignment analysis with Mexican accessions treated as a learning sample. Individuals MTC7 and MTC241 were excluded from the learning sample as they have primary assignment outside the region in which they were sampled.
The program Infocalc was used to calculate the informativeness for assignment for each haplotype segment used for genetic assignment. Informativeness for ancestry coefficients (I a ), informativeness for assignment (I n ), and optimal rate of correct assignment from both 1-allele and 2-allele estimates (Rosenberg et al. 2003; Rosenberg 2005) were computed using the clusters identified by STRUCTURE. Among these 4 values, I n is most directly relevant here. This statistic is based on the degree to which each locus (or haplotype segment) contributes to distinction among populations. A haplotype with a higher value of I n indicates that the haplotype is more informative for genetic assignment.
The nearest neighbor statistic (S nn ) (Hudson 2000) and a statistical test for detecting differentiation in subpopulations (F ST ) (Hudson et al. 1992) as implemented in libsequence (Thornton 2003) were used to test for evidence of geographic structure at individual loci.
To determine the degree of differentiation among populations, we also examined the number of shared, fixed, and private polymorphisms in each of the Mexican populations and SE US accessions. For our data, this analysis could be conducted using individual SNPs, haplotype segments (which have the advantage of partial recombinational independence), and full-length haplotypes from resequencing. Sampled haplotypes, SNP variation contributing to each haplotype, and the geographic origins of each haplotype were visualized using SNAP MAP (Aylor et al. 2006) .
Sequence Diversity Analysis
Levels of nucleotide sequence diversity were examined using estimates of θ = 4 N e µ, including the number of segregating sites (θ w) (Watterson 1975 ) and the proportion of pairwise difference per locus (θ π) (Tajima 1983) , where N e is the effective population size, and µ is the mutation rate per generation. We report tests of neutrality, including Tajima's D (the normalized difference between θ π and θ w) (Tajima 1989) and Fay and Wu's H (Fay and Wu 2000) . Fay and Wu's H incorporates information on the derived versus ancestral state of mutations, so an accession of I. alba or I. nil was used as an out-group for each locus. The impact of recombination and extent of linkage disequilibrium were estimated using the 4-gamete test (reported as R m ) (Hudson and Kaplan 1985) . Sequence summary statistics were calculated using tools from the libsequence C++ library (Thornton 2003) .
A multilocus maximum-likelihood estimate of θ w was calculated across all loci in a sample using the recursion equations in Hudson (1991) . This method assumes a constant mutation rate across loci and makes the (conservative) assumption of no intralocus recombination. This estimator is implemented in the program Theta Curve (Ross-Ibarra et al. 2009 ).
Results
Genetic Assignment Analysis
Results of the nearest neighbor test for geographic structure S nn and F ST indicate that the combined Mexican sample and the SE US sample are genetically differentiated ( Table 1 ). For 9 of 11 loci, S nn is significant at P = 0.05. F ST is significant for all 11 loci. This establishes that the SE US samples are not a representative sample of the total Mexican gene pool.
We next ask whether the Mexican accessions exhibit geographic substructure as a prelude to asking where in Mexico the SE US accessions might have originated. To test for population structure among the Mexican populations, we used genetic assignment in STRUCTURE and found significantly higher ΔK values for K = 2 and 3 clusters than for other K values (see Supplementary Figure S1 online). For K = 2, the Mexican samples are divided into the geographic region running from Xapala in Veracruz State (east central Mexico) to the Valley of Mexico (except for accessions MTC7, MTC275 Figure 1 ). There are 2 exceptions. MTC7 in the Eastern group and MTC241 in the Western group show >90% probability of assignments to the Southern group (Figure 1) . Consistent with an earlier study by Huttley et al. (1997) , the Southern population from Chiapas has the lowest level of nucleotide sequence diversity, lending further support to the identification of the Southern cluster as a separate population. The identification of 3 relatively distinct populations may provide greater precision to infer geographic origins. Moreover, the S nn test among Mexican populations indicate differentiation at all loci for the Eastern and Southern populations, 10 of 11 loci for the Western and Southern populations, 8 of 11 loci for the Eastern and Western populations (see Supplementary Table S2 online) and each of the 3 Mexican populations is also genetically highly differentiated from the SE US accessions (see Supplementary Table  S3 online). Therefore, the 3 clusters, the Eastern, Southern, and Western Mexican, are treated as distinct populations for further analyses.
Given that the pooled Mexican samples and the SE US samples are differentiated (Table 1 ) and that geographic structure is evident in the Mexican samples (Figure 1) , we used the clusters inferred from the Mexican accessions to assign the SE US accessions to regions of origin in Mexico. The SE US accessions share more similarity to the Mexican Western population than the Eastern and Southern populations (Figure 1) .
To evaluate the strength of the assignment results, we calculated the informativeness for assignment (I n ) for all 89 haplotype segments to the 4 populations (see Supplementary  Table S4 online). The average I n for all 89 haplotype segments is 0.37. Two segments of the DFR-B locus have I n = 1, indicating they are completely informative for assignment.
Nucleotide Sequence Diversity
We now consider nucleotide sequence diversity levels in the SE US and in Mexico. Among the 8 samples in the SE US, there are no polymorphic sites at CHS-E, FLS and IpMyb4 ( Table 2) . Diversity based on θw and θπ is much higher at DFR-B and UF3GT than at other loci ( Table 2) .
The SE US samples have dramatically lower nucleotide diversity compared with samples from Mexico ( Table 2) . Pairwise diversity (θ π) is much lower for 10 of 11 loci. The exception is UF3GT, which has 2 haplotypes at equal frequency in the SE US samples, thus diversity is slightly higher for this locus in the SE US samples compared with other loci (Figure 2) . The haplotype diversity for all 11 loci is also much lower for the SE US samples than in Mexican samples (see Supplementary Figure S2 online) . A maximum-likelihood estimate of θw indicates a significant reduction of diversity in the SE US relative to Mexican populations (Figure 3) . θw is much lower for the SE US samples compared with all the samples in Mexico and each of the 3 Mexican populations.
Origin of the SE US Population
The proportion of shared SNPs (S S ) between the SE US population and the Mexican Eastern and Western populations is larger than between the SE US population and the Mexican Southern population (Figure 4) . Average F ST between the SE US population and the Mexican Eastern and Western populations (0.22 and 0.15, respectively) is much lower than that between the SE US population and Mexican Southern population (0.32), which also reveals that the SE US population is more similar to the Mexican Eastern and Western clusters.
It is informative to consider the pattern of shared haplotype segments between the SE US and the Mexican samples. Haplotypes include multiple allelic states, and thus, some alleles can be unique to geographic regions. Thus, based on simulation and empirical studies they are more informative than SNPs (Gattepaille and Jakobsson 2012) . MTC275 from Veracruz State has the highest proportion of haplotype sharing (0.68) with SE US samples followed by MTC196 (0.58) from Morelos and MTC4 (0.57) from Mexico City (see Supplementary Figure S3 online).
Across all loci, 11 of 22 full-length haplotypes observed in the SE US accessions are also found in the Mexican Eastern population, whereas only 6 haplotypes are found in the Mexican Western population. Among haplotypes that differ between the SE US and Mexican samples by 1 or 2 mutations and haplotypes that share identical mutation patterns between the SE US and Mexican samples, 11 are similar to the Western population and only 4 haplotypes are similar to the Eastern population ( Figure 5 ; see Supplementary  Figure S4 online). The relatively even representation of these 2 Mexican populations (with 15 haplotypes from Eastern, 17 from Western) indicates that genetic diversity in the SE US was probably contributed from both regions, but the larger proportion of identical full-length haplotypes suggests that the contribution from the Eastern population was more recent. For DFR-B, the samples from the SE US have 2 haplotypes. An accession from the Western cluster of Mexico (MTC285) shares the same haplotype as 3 samples from the SE US ( Figure 5A ). The nucleotide diversity of this locus is significantly higher than other loci ( Table 2) , but we find the same haplotype between the SE US and the western cluster, which gives strong evidence that the SE US population and western cluster of Mexico are genetically similar to each other.
Discussion
The questions addressed in this investigation are 2-fold: first, which of the 2 scenarios for the introduction of I. purpurea into the SE US is best supported by haplotype data? Second, can anything be said about the geographic regions Figure 1 . The geographic distribution of sampled I. purpurea accessions. Genetic assignment analyses indicate 3 Mexican populations, Eastern, Southern and Western, shown in green, purple, and blue, respectively. The inclusion of samples within the colored groups was determined primarily by genetic assignment analysis and also accounted for geographic proximity. The genetic assignment barplots correspond to each of these regions. The SE US population is in the red box. The barplot shows the probability of assignments of each sample into the 3 Mexican populations as indicated by the y-axis. MTC7 and MTC241 (the crosses on the map) were excluded from the learning sample for the assignment of the SE US accessions.
within Mexico from which I. purpurea was introduced into the SE US? The 2 scenarios for the introduction of common morning glory into the SE US are 1) a gradual move northward over the last several thousand years along with the introduction of maize culture-termed the maize migration hypothesis, or 2) movement from Mexico to Europe and then to the SE US as a horticultural plant, following the European invasion of Mexico-termed the European migration hypothesis.
Scenario for the Introduction of I. purpurea into the SE US
Let us consider the maize migration hypothesis in greater detail. The peoples of Mesoamerica began to domesticate plants, including common bean, maize, and squash between 8000 and 10 000 years ago (Smith 2006; Piperno et al. 2009 ).
Owing to its invasive climbing vine habit, I. purpurea is known, for as long as the historical records suffice, to have infested native maize milpas in many parts of Mexico. It is highly probable that the flower color diversity of common morning glory was selected by Neolithic cultivators of maize for the same reasons that diverse maize kernel mutations were selected-the esthetic appeal of color diversity (Clegg and Durbin 2003) . Maize culture then expanded northward and eastward, driven by an increasing commitment to cultivation, eventually leading to the establishment of maize agriculture in the Southwestern United States by ~4000 years ago (Hill 2001) and into the Eastern United States (New York State) by as early as 2900 years ago (Hart et al. 2007 ). Owing to its weedy association with maize cultivation in Mexico, it is plausible that common morning glory migrated, as a semidomesticate of maize culture, along with the northward migration of maize cultivation. Thus, I. purpurea may have been brought to the United States along with domesticated maize. A question naturally follows: were the flower color mutations of I. purpurea selected in a single location or were the flower color morphs selected from recurrent mutations in different locations in Mexico by the Neolithic cultivators of maize? The latter scenario is plausible because many of the genes involved in flavonoid biosynthesis in I. purpurea harbor active transposable elements that cause high rates of mutation (Epperson and Clegg 1987; Clegg and Durbin 2000; Clegg and Durbin 2003) . Despite this, a number of lines of evidence appear to favor the European migration hypothesis. To begin, the geographic distribution of genetic diversity in I. purpurea appears paradoxical, featuring low levels of molecular (Figures 2 and  3 ; see Supplementary Figure S2 online) and biochemical polymorphism, but high levels of flower color diversity in the SE US relative to native Mexican populations (Glover et al. 1996; Clegg and Durbin 2000) . Higher levels of flower color polymorphism in the SE US, compared with native Mexican populations where most populations are monomorphic for purple corolla flowers, is consistent with the hypothesis that the plant was introduced to the SE US based on the horticultural appeal of diverse flower colors (Epperson and Clegg 1986; Glover et al. 1996) .
The data presented in this study quantify the magnitude of the reduction in genetic diversity in the SE US relative to Mexico and indicate a strong founder effect consistent with multiple founder events (e.g., Mexico to Europe and Europe to the SE US). The mean θ π at silent sites for the SE US samples (0.0071 per site) is 40.3% of θ π at silent sites for Mexican samples (0.0176 per site; Gonzales et al. 2012) and the maximum likelihood estimate of diversity across all loci indicate θ w in the SE US is only 28.9% of that for the Mexican accessions (Figure 3) . The reduced diversity in the SE US is consistent with previous allozyme data, ribosomal DNA RFLP diversity, and nucleotide sequence diversity at CHS-A locus (Glover et al. 1996; Huttley et al. 1997) . These studies also suggested that a severe population bottleneck accompanied the introduction of I. purpurea into the SE US. In contrast, maize diversity in the United States is high and does not suggest a strong founder effect (Buckler et al. 2006) . Expectations for diversity in an introduced horticultural commensal species are unclear, but if maize and the common morning glory migrated together, it is difficult to account for the large difference in diversity given shared demographic history. In addition, the deficit of singleton and rare SNPs in the SE US samples are suggestive of a recent introduction of I. purpurea from Mexico into the SE US ( Figure 5 ; see Supplementary Figure S4 online). Moreover, the high degree of similarity between samples from the SE US and Mexican Eastern population also supports the European migration hypothesis. For 9 out of 11 loci, we observe the sharing of fulllength haplotypes between the SE US and Mexican Eastern populations. This would be less likely to occur if I. purpurea had been in the SE US for several thousand years as is the case for maize because mutation and intragenic recombination would have greater potential to alter introduced haplotypes. Finally, historical research in Defelice (2001) and Halvorson and Guertin (2003) , reviewed in the Introduction, appear to support the European migration hypothesis. 
Geographic Origins of the SE US Accessions
We now consider whether the geographic origins of the SE US populations can be inferred from haplotype data. The haplotype data suggest that the SE US populations originated along the axis from the Valley of Mexico (the intersection of Eastern and Western populations) to Veracruz State at about 19.5° latitude (and more specifically from the region of Xapala in Veracruz State). This inference is supported by samples (MTC275) collected at the outskirts of Xapala and (MTC4) from Mexico City and (MTC196) from Morelos that show the closest relationship to the SE US samples based on the proportion of shared haplotype segments (see Supplementary  Figure S3 online). Moreover, a unique haplotype at UF3GT is present in both the SE US population and a sample from Mexico City (the intersection of Eastern and Western populations; Figure 5B ). Huttley et al. (1997) also found a unique SE US allele in a chalcone synthase gene present in a sample from Mexico City. The locus DFR-B, with the highest nucleotide diversity has a unique haplotype present in both the SE US and MTC285 from Morelos (south of Mexico City; Figure 5A ).
Although the haplotype data suggest that both Mexican Eastern and Western populations are likely to have contributed to the SE US accessions, genetic assignment and F ST analysis indicate the SE US accessions are more similar to the Mexican Western population than the Eastern population (Figure 1) . A large genetic contribution from Mexican Western populations might be expected for at least 3 reasons. First, the Mexican Western population is likely to be a source population for I. purpurea in Mexico, due to its higher diversity and thus larger effective population size (Figure 3) . Therefore, all the samples in the Eastern and Southern populations are likely to derive from ancestral populations most similar to the Western population. Second, based on the European migration hypothesis, the early trade routes from Mexico to Spain were from the Valley of Mexico eastwards through Xalapa and on to the port of Veracruz. The relationship between samples in the SE US and the Mexican Eastern population is likely to be more recent, whereas the relationship between samples in the SE US and Mexican Western population is more ancient, so large complete haplotypes and unique SNPs are more likely to be shared between the SE US and Mexican Eastern populations. The shorter haplotype segments used in the genetic assignment analysis are based on partial recombinational independence between locus segments, potentially reflecting more ancient shared identity between the SE US and Mexican Western populations. Third, maize was domesticated ~9000 years ago in the Balsas River Valley (Matsuoka et al. 2002; van Heerwaarden et al. 2011) , which is ~300 km southwest of the Western population. Assuming that I. purpurea was an early commensal of maize fields, it is likely that the color variants of I. purpurea spread throughout Mexico and Central America along with maize culture but may have originated in western Mexico. Presumably there was ample time for gene flow between semidomesticated I. purpurea and wild forms as the maize-Ipomoea domestication complex diffused outwards.
In addition, substantial trade in the Aztec and earlier eras existed between the Valley of Mexico and regions to the east and south of Mexico, so there was an opportunity for seed transport before the arrival of Europeans. Finally, in modern times horticultural trade may have reintroduced I. purpurea to Mexico, with likely escapes from household gardens. So the accessions from around the Valley of Mexico that show high similarity to the SE US population could also have accompanied modern travelers, just as modern cultivars of maize and other improved crops have been reintroduced from the United States to Mexico (Pineyro-Nelson et al., 2009) .
Although it is likely that I. purpurea first migrated to Europe before being introduced into the SE US, little additional information would be gained from European samples because the time since introduction from Mexico to Europe is known to be very recent. The expected number of new mutation events or of intragenic recombination events is simply too small over a period of 400-500 years to provide any additional resolution. It is the longer time scales in Mexico, together with the population differentiation in Mexico, that provide resolution for inferring origins. There is reason to believe that a more precise geographic origin can be identified because a number of high-frequency haplotypes are found in the SE US that do not occur in the Mexican accessions (e.g., at loci DFR-B, UF3GT, FLS, F3H, IpWRD1; Figure 5 ; see Supplementary Figure S4 online). These haplotypes are likely to be present in Mexican source populations. A finer scale geographic sample mesh might identify source populations or regions obscured by the limited resolution of our current sample. In particular, further sampling of the intersection of Eastern and Western populations might provide a more precise geographic definition of the source of the SE US populations.
Supplementary Material
Supplementary material can be found at http://www.jhered. oxfordjournals.org/.
The GenBank numbers for all loci of the SE US accessions are JQ819264-JQ819353; Mexican accessions are JQ819354-JQ819719 and the out-group samples are JQ618023-JQ618032.
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